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METHOD AND APPARATUS FOR 
ENCODING INFORMATION IN AN IC PACKAGE 

The present invention relates to computer systems and more particularly to 

an IC package, such as a BGA package, that provides configuration information to 

the system. 

BACKGROUND 

Computer systems, from small handheld electronic devices to medium-sized 
mobile and desktop systems to large servers and workstations, are becoming 
increasingly pervasive in our society. Computer systems typically include one or 
more processors. A processor manipulates and controls the flow of data in a 
computer by executing instructions. To provide more powerful computer systems 
for consumers, processor designers strive to continually increase the operating 
speed of the processor. Unfortunately, as processor speed increases, the power 
consumed by the processor tends to increase as well. 

Historically, the power consumed by the processor, and hence its speed, has 
been limited by two factors. First, as power consumption increases, the processor 
tends to run hotter, leading to thermal dissipation problems. Second, the power 
consumed by a processor may tax the limits of the power supply used to keep the 
processor operational, reducing battery life in mobile systems and diminishing 
reliability while increasing cost in larger systems. To combat these problems, the 
voltage supply level used by the processor may be reduced. Therefore, faster and 
more powerful processors may operate at lower voltage supply levels. 



The voltage supply is typically provided to the processor through a 
component in the computer system called the motherboard. A motherboard is 
designed to accommodate a particular processor that operates at a particular 
voltage supply level. When a more advanced processor is introduced that operates 
5 at a lower voltage supply level, the motherboard must be redesigned to 

accommodate the lower voltage supply level. It can be expensive to redesign a 
motherboard, and this expense is passed on to the end user through the higher cost 
of a computer. 

The present invention addresses this and other problems associated with the 
10 prior art. 



2 SUMMARY OF THE INVENTION 

In accordance with one embodiment of the present invention, an integrated 
J} circuit (IC) package includes a substrate, a ground line, and an encoded region. 

J 15 The encoded region provides information based upon selective deposition of solder 
^ balls electrically coupled to the ground line. 

Other features and advantages of the present invention will be apparent from 
the accompanying figures and the detailed description that follows. 



20 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention is illustrated by way of example and not limitation in the 
accompanying figures in which like references indicate similar elements and in 
which: 



Figure 1A is a BGA package formed in accordance with an embodiment of 
the present invention; 

Figure 1B is a cross-section of the package of Figure 1A; and 
Figure 2 is the package of Figure 1 A coupled to a PCB to form a component 
5 of a computer system in accordance with an embodiment of the present invention. 



DETAILED DESCRIPTION 

In accordance with one embodiment of the present invention, a ball grid array 
(BGA) package includes an integrated circuit (IC), such as a processor, in a 

10 substrate. An encoded region of the package provides information using selectively 
deposited solder balls in the encoded region. This information may indicate, for 
example, a voltage supply level for the processor. 

Deposited solder balls in the encoded region are coupled to a ground line 
within the package. When the package is coupled to a printed circuit board (PCB), 

15 such as a motherboard, deposited solder balls in the encoded region are coupled to 
a power supply via resistors and a power trace on the motherboard. In this manner, 
the presence or absence of a solder ball in the encoded region can be sensed by 
the motherboard. Thus, the information is automatically provided to the system to 
properly configure the voltage supply level to the processor. 

20 In accordance with an embodiment of the present invention, a single 

motherboard can be designed that accommodates various processors requiring 
different voltage supply levels. The proper voltage supply level is indicated to the 
motherboard by selective deposition of solder balls in the encoded region of the 



processor package in the manner described above. Thus, system cost is reduced 
because there is no need to design different motherboards for each different 
processor. A single, mass-produced motherboard may be used. A more detailed 
description of embodiments of the present invention, including various 
5 configurations and implementations, is provided below. 

Figure 1A is a BGA package, 100, formed in accordance with an embodiment 
of the present invention. As used herein, a BGA package is intended to refer to any 
IC package that includes I/O, power, or ground ports formed of electrically 
conductive balls that are deposited onto a substrate in any pattern through a 

10 template. Electrically conductive balls are herein referred to as solder balls, and 
include not only electrically conductive balls but also electrically conductive bumps, 
cylinders, parallelepipeds, ellipsoids, or any other electrically conductive shape. 

BGA package 100 of Figure 1A includes substrate 101 and solder balls 102. 
Note that to avoid obscuring Figure 1A, reference numeral 102 only points to 4 of 

15 the numerous solder balls shown. Substrate 101 includes one or more ICs (not 
shown) having I/O, power, or ground pads that are electrically coupled to solder 
balls 102. In accordance with one embodiment of the present invention, substrate 
101 includes a processor. 

The surface of substrate 101 of BGA package 100 of Figure 1A may include 

20 an electrically insulative (dielectric) material, such as plastic or ceramic. Onto this 
surface, solder balls 102 may be screen printed. This screening process includes 
screen printing solder, or another electrically conductive material, through a 
template (or "screen") that has openings adjacent to portions of the substrate where 



solder balls are deposited. Solder balls are prevented from being deposited on 
portions of the substrate adjacent to closures in the template. For an alternate 
embodiment of the present invention, solder balls are deposited on the substrate of 
a BGA package through a template by a process other than screening such as, for 
5 example, chemical vapor deposition and sputtering. 

The ease and economy with which the solder ball pattern on a BGA package 
can be modified makes embodiments of the present invention advantageous over, 
for example, IC redesign, IC pad bond-out, or internal package redesigns. 
Templates used to form alternate solder ball patterns on a BGA package can be 
=0 10 relatively cheaply and quickly produced. Thus, information specific to a particular 
'?J BGA package (and, more particularly, specific to the IC contained within the 

LJi' 

J package) may be cheaply and easily encoded by the selective deposition of solder 

* balls using package-specific templates. 

J BGA package 100 of Figure 1A includes encoded region 105. For the 

\T 15 embodiment shown, encoded region 105 includes five solder ball areas 111,112, 

1 1 3, 1 14, and 1 1 5. Each of these solder ball areas may or may not include a solder 
ball, depending on the information one desires to encode. For the embodiment of 
Figure 1 A, solder balls are shown deposited in solder ball areas 111,113, and 115, 
and solder balls are absent from solder ball areas 1 12 and 1 14. If a solder ball is 
20 deposited in a solder ball area of the encoded region, it denotes one logic level, and 
the absence of a solder ball from the solder ball area denotes the opposite logic 
level. 
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Thus, the solder ball pattern in encoded region 105 of Figure 1A denotes the 
five bit binary number "01010" assuming that a deposited solder ball denotes a 
logical "0" and that the bits are to be read linearly within the encoded region. For an 
alternate embodiment of the present invention, a deposited solder ball denotes a 
logical "1", in which case the solder ball pattern in encoded region 105 denotes the 
five bit binary number "10101", still assuming that the bits are to be read linearly. 
Alternatively, the bits may be read non-linearly according to a predefined sequence. 

According to an embodiment of the present invention, the encoded region of 
a BGA package is a predefined region that provides information based upon the 
selective deposition of solder balls in the region. The region may encompass any 
number of solder ball areas that may or may not be adjacent to one another. The 
information may be provided visually to either a human observer or to an optical 
scanner. Alternatively, the information may be provided to a PCB to which the BGA 
package is coupled, as described below. The information may indicate, for 
example, a voltage supply level to be provided to the IC in the BGA package, a 
clock frequency, or other configuration information. 

Figure 1B is a cross-section of the package of Figure 1A through encoded 
region 105. As shown, substrate 101 of BGA package 100 includes a ground line 
107 to which solder ball 1 10 is electrically coupled. In addition, any solder balls 
deposited in solder ball areas 1 1 1-1 15 of encoded region 105, such as the solder 
balls in solder ball areas 111, 113, and 115, are coupled to ground line 107. A 
ground line is an electrical interconnect that is to be electrically coupled to ground 
during operation of the IC within the BGA package. Ground line 107 is electrically 



coupled to ground via solder ball 1 10 as described below in conjunction with Figure 
2. One type of ground line is a ground plane. 

For an alternate embodiment of the present invention, any solder balls 
deposited in the solder ball areas of an encoded region of a BGA package are 
coupled to a power line. A power line is an electrical interconnect that is to be 
electrically coupled to a voltage (or power) supply, such as Vcc, during operation of 
the IC within the BGA package. One type of power line is a power plane. For an 
embodiment in which selectively deposited solder balls in an encoded region of a 
BGA package are electrically coupled to a power line, the circuit of Figure 2 may be 
appropriately modified to electrically determine the presence or absence of solder 
balls in solder ball areas of the encoded region. 

Figure 2 is the package of Figure 1 A coupled to PCB 200 to form a 
component of a computer system in accordance with an embodiment of the present 
invention. PCB 200 may be the motherboard of the computer system. The 
electrical interconnects that are shown outside of BGA package 100 in Figure 2 are 
actually traces that may be formed on or in PCB 200. 

PCB 200 of Figure 2 includes ground trace 210 electrically coupled to solder 
ball 110. Ground trace 210 is electrically coupled to ground during operation of the 
computer system. PCB 200 further includes traces 211, 212, 213, 214, and 215 
electrically coupled to any solder balls deposited in solder ball areas 1 1 1 , 1 12, 1 1 3, 
114, and 115, respectively. For example, for the embodiment shown in Figure 2, 
the solder ball deposited in solder ball area 1 1 1 of encoded region 105 is electrically 
coupled to trace 21 1. The solder ball deposited in solder ball area 113 is electrically 



coupled to trace 213. The solder ball deposited in solder ball area 1 15 is electrically 

coupled to trace 215. 

Each of traces 21 1-215 of Figure 2 is coupled to a node of a resistor 

disposed on PCB 200, one resistor per trace. The other nodes of the resistors are 
5 coupled to power trace 216 formed on PCB 200. Power trace 216 is electrically 

coupled to a voltage (or power) supply, such as Vcc, during operation of the 

computer system. 

When a voltage is supplied to power trace 216 and ground trace 210 is 

grounded, the voltage levels on traces 21 1-215 of Figure 2 indicate the presence or 
10 absence of a solder ball in a solder ball area of encoded region 105. These voltage 

levels denote the logical levels of the binary information provided from BGA package 

100 to PCB 200 based on the selective deposition of solder balls in the encoded 

region. For example, during operation, the voltage on traces 21 1, 213, and 215 is 

approximately ground, and the voltage on traces 212 and 214 is approximately Vcc. 
15 Thus, as stated above, the binary number 01010 is denoted by the solder ball 

pattern in encoded region 105, assuming positive logic is used and the bits are to be 

read linearly within the encoded region. 

This binary number may be used by PCB 200 of Figure 2, or any other 

component of the computer system, to, for example, properly configure a voltage 
20 supply level provided to the IC within BGA package 100. Alternatively, the 

information may be used to, for example, properly configure another IC within the 

computer system to operate at the proper bus speed to enable communication with 

the IC within BGA package 100. 

-9- 



This invention has been described with reference to specific exemplary 
embodiments thereof. It will, however, be evident to persons having the benefit of 
this disclosure that various modifications and changes may be made to these 
embodiments without departing from the broader spirit and scope of the invention. 
The specification and drawings are, accordingly, to be regarded in an illustrative 
rather than a restrictive sense. 
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CLAIMS 

What is claimed is: 

1 1 . An integrated circuit (IC) package comprising: 

2 a substrate including an IC; 

3 a ground line; and 

4 an encoded region to provide information based upon selective deposition 

5 of solder balls electrically coupled to the ground line. 

1 2. The package of claim 1 , wherein the substrate is the substrate of a ball grid 
0 2 array (BGA) package. 

3 1 3. The package of claim 2, wherein the IC is a processor. 

r U 1 4. The package of claim 3, wherein a deposited solder ball in a solder ball area 

rii 

\Z 2 of the encoded region is used to denote a logical "0", and an absence of a 

3 solder ball in the solder ball area is used to denote a logical "1". 

1 5. The package of claim 4, wherein the encoded region includes at least three 

2 solder ball areas. 

1 6. The package of claim 5, wherein the information indicates a voltage supply 

2 level for the IC. 
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1 7. The package of claim 1 , wherein the information indicates a voltage supply 

2 level for the IC. 

1 8. An electronic component comprising: 

2 a ball grid array (BGA) package including an encoded region to provide 

3 information based upon selective deposition of solder balls; and 

4 a printed circuit board (PCB) coupled to the package. 

1 9. The component of claim 8, wherein the BGA package contains a processor. 

1 10. The package of claim 9, wherein a deposited solder ball in a solder ball area 

2 of the encoded region is used to denote a logical "0", and an absence of a 

3 solder ball in the solder ball area is used to denote a logical "1". 

1 11. The package of claim 8, wherein any deposited solder ball in a solder ball 

2 area of the encoded region is electrically coupled to a first node of a resistor 

3 on the PCB, and a second node of the resistor is electrically coupled to a 

4 power trace on the PCB. 

1 12. The package of claim 1 1 , wherein the first node is approximately ground if a 

2 solder ball is deposited in the solder ball area, and the first node is 

3 approximately Vcc if a solder ball is absent from the solder ball area. 
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1 1 3. The package of claim 12, wherein the encoded region includes at least three 

2 solder ball areas. 

1 14. The package of claim 13, wherein the information indicates a voltage supply 

2 level for a processor within the BGA package. 

1 15. A method of encoding information in an integrated circuit (IC) package, the 

2 method comprising: 

3 depositing a first solder ball in a first solder ball area of an encoded region 

4 of an IC package to denote a first logical level; and 

5 preventing a solder ball from being deposited in a second solder ball area 

6 of the encoded region of the IC package to denote a second logical 

7 level. 

1 16. The method of claim 15, wherein depositing the solder ball includes screen 

2 printing solder through a template comprising an opening adjacent to the first 

3 solder ball area, and preventing a solder ball from being deposited includes 

4 screen printing solder through a template comprising a closure adjacent to 

5 the second solder ball area, 

1 17. The method of claim 15, further comprising depositing a second solder ball in 

2 a third solder ball area of the encoded region of the IC package to denote the 

3 first logical level. 

-13- 



The method of claim 15, further comprising preventing a solder ball from 
being deposited in a fourth solder ball area of the encoded region of the IC 
package to denote the second logical level. 
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ABSTRACT OF THE DISCLOSURE 

An integrated circuit (IC) package includes a substrate, a ground line, and an 
encoded region. The encoded region provides information based upon selective 
deposition of solder balls electrically coupled to the ground line. 
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Leo V. Novakoski, Reg. No. 37,198; Naomi Obinata, Reg. No. 39,320; Thomas C. Reynolds, Reg. 
No. 32,488; Kenneth M. Seddon, Reg. No. 43,105; Mark Seeley, Reg. No. 32,299; Steven P. 
Skabrat, Reg. No. 36,279; Howard A. Skaist, Reg. No. 36,008; Steven C. Stewart, Reg. No. 
33,555; Raymond J. Werner, Reg. No. 34,752; Robert G. Winkle, Reg. No. 37,474; and 
Charles K. Young, Reg. No. 39,435; my patent attorneys, and Thomas Raleigh Lane, Reg. No. 
42,781; Calvin E. Wells; Reg. No. P43,256, Peter Lam, Reg. No. P44,855; and Gene I. Su, Reg. 
No. 45,140; my patent agents, of INTEL CORPORATION; and James R. Thein, Reg. No. 31,710, 
my patent attorney; with full power of substitution and revocation, to prosecute this application 
and to transact all business in the Patent and Trademark Office connected herewith. 
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APPENDIX B 



Title 37, Code of Federal Regulations, Section 1 .56 
Duty to Disclose Information Material to Patentability 

(a) A patent by its very nature is affected with a public interest. The public interest is best served, 
and the most effective patent examination occurs when, at the time an application is being examined, the 
Office is aware of and evaluates the teachings of all information materia! to patentability. Each individual 
associated with the filing and prosecution of a patent application has a duty of candor and good faith in dealing 
with the Office, which includes a duty to disclose to the Office all information known to that individual to be 
material to patentability as defined in this section. The duty to disclosure information exists with respect to 
each pending claim until the claim is cancelled or withdrawn from consideration, or the application becomes 
abandoned. Information material to the patentability of a claim that is cancelled or withdrawn from 
consideration need not be submitted if the information is not material to the patentability of any claim remaining 
under consideration in the application. There is no duty to submit information which is not material to the 
patentability of any existing claim. The duty to disclosure all information known to be material to patentability 
is deemed to be satisfied if all information known to be material to patentability of any claim issued in a patent 
was cited by the Office or submitted to the Office in the manner prescribed by §§1 .97(b)-(d) and 1 .98. 
However, no patent will be granted on an application in connection with which fraud on the Office was practiced 
or attempted or the duty of disclosure was violated through bad faith or intentional misconduct The Office 
encourages applicants to carefully examine: 

(1 ) Prior art cited in search reports of a foreign patent office in a counterpart application, and 

(2) The closest information over which individuals associated with the filing or prosecution of a 
patent application believe any pending claim patentably defines, to make sure that any material information 
contained therein is disclosed to the Office. 

(b) Under this section, information is material to patentability when it is not cumulative to 
information already of record or being made or record in the application, and 

(1) It establishes, by itself or in combination with other information, a prima facie case of 
unpatentability of a claim; or 

(2) It refutes, or is inconsistent with, a position the applicant takes in: 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(ii) Asserting an argument of patentability. 

A prima facie case of unpatentability is established when the information compels a conclusion that a claim is 
unpatentable under the preponderance of evidence, burden-of-proof standard, giving each term in the claim its 
broadest reasonable construction consistent with the specification, and before any consideration is given to 
evidence which may be submitted in an attempt to establish a contrary conclusion of patentability. 

(c) Individuals associated with the filing or prosecution of a patent application within the 
meaning of this section are: 

(1 ) Each inventor named in the application; 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the 
application and who is associated with the inventor, with the assignee or with anyone to whom there is an 
obligation to assign the application. 

(d) Individuals other than the attorney, agent or inventor may comply with this section by 
disclosing information to the attorney, agent, or inventor. 
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